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S t .  P a u l ' s  Rocks and Surrounding Sea F loor  
(1) I n t r o d u c t i o n :  
The Rochedos S ~ O  Pedro e S ~ O  Paulo ,  commonly known as S t .  P a u l ' s  Rocks, 
a r e  a s m a l l  group of b a r r e n  is le ts  and rocks  l o c a t e d  approx imate ly  80 Km 
n o r t h  o f  t h e  e q u a t o r  and c l o s e  t o  t h e  a x i s  o f  t h e  mid-Atlant ic  Ridge. They 
appear  t o  be  c l o s e l y  a l l i e d  w i t h  t h e  t r a n s v e r s e  f a u l t i n g  of t h e  Ridge t y p i -  
c a l l y  found i n  t h e  E q u a t o r i a l  A t l a n t i c  ( F i g u r e  1 ) .  T h e i r  unique c h a r a c t e r  
i n  r e s p e c t  of ocean ic  i s l a n d s ,  namely t h a t  t h e y  a r e  composed o f  u l t r a m a f i c  
r o c k s  and n o t  v o l c a n i c ,  h a s  l o n g  been recognized  (Darwin, 1900) .  The p e t r o l -  
ogy of some of t h e  r o c k  t y p e s  from t h e  i s le ts  have been r e p o r t e d  (Renard, 1882, 
1879; Washington, 1930a, b ;  T i l l e y ,  1947,  1966) .  
The d i s c o v e r y  o f ,  and a summary of earl ier  v i s i t s  t o  t h e  Rocks, a l o n g  
w i t h  a d e s c r i p t i o n  o f  t h e  i s le ts  have been r e p o r t e d  by T r e s s l e r  e t  a l . ,  (1956).  
S i n c e  t h e  T r e s s l e r  r e p o r t ,  t h e  Rocks have been t h e  s u b j e c t  of i n v e s t i g a t i o n  by 
HMS Owen i n  1960 (Wiseman, 1966);  t h e  German v e s s e l  Meteor i n  1966, d e t a i l s  o f  
sampling,  i f  any,  a r e  unknown; and t h e  RV P i l l s b u r y  i n  1968 ( B o n a t t i ,  1968) .  
The S t .  P a u l ' s  Rocks and sur rounding  s e a - f l o o r  have a l s o  been i n v e s t i g a t e d  
by t h e  Woods Hole Oceanographic I n s t i t u t i o n  v e s s e l s  RV Chain i n  1963, and RV 
A t l a n t i s  I1 i n  1966. P r e l i m i n a r y  d e s c r i p t i o n s  o f  some of t h e  r o c k s  from t h e s e  
two c r u i s e s  have been r e p o r t e d  (Melson e t  a l . ,  1967a,b,  1972, 1973; Thompson 
e t  a l . ,  1968; Thompson, 1972) .  A more complete d e s c r i p t i o n  o f  t h e  f i n d i n g s  
of t h e s e  two c r u i s e s  form t h e  b a s i s  o f  t h i s  r e p o r t .  
(2) Sampling and Data C o l l e c t i o n :  
a .  S t .  P a u l ' s  Islets: 
For t h i s  r e p o r t ,  t h e  nomencla ture  o f  t h e  i n d i v i d u a l  i s le ts  is  as g i v e n  
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Individual Islets of St. Paul's Rocks 
During Chain C r u i s e  35, 1963, t h e  o n l y  l a n d i n g  was on t h e  Southwest I s l e t  
where a  number of specimens were  o b t a i n e d ,  i n c l u d i n g  some o r i e n t a t e d  samples .  
Sampling o f  s u b s u r f a c e  r o c k s  by u s i n g  e x p l o s i v e  c h a r g e s  (0.46Kg b l o c k s )  was 
a t t empted ,  b u t  w i t h  l i t t l e  s u c c e s s .  I n  1966, from A t l a n t i s  11, C r u i s e  20, 
l a n d i n g s  were  made on a l l  i s le ts  and on South Rock. D r i l l i n g  was a t t e m p t e d  
on Southwest I s l e t  using a p o r t a b l e  2.5cm d iamete r ,  g a s o l i n e  d r i v e n  d r i l l .  
The h i g h l y  f r a c t u r e d  n a t u r e  of t h e  r o c k s ,  however, caused b reakage  and j a m -  
ming o f  t h e  c o r e  i n  t h e  b a r r e l  which r e q u i r e d  f r e q u e n t  s t o p p a g e s  t o  c l e a r ,  
hence o n l y  two h o l e s  were d r i l l e d .  (The f r e s h e r  p e r i d o t i t e s  o f  Northwest 
I s l e t  would probably  make a b e t t e r  d r i l l i n g  p r o s p e c t ) .  
D e t a i l s  of sample l o c a t i o n s  and rock  t y p e s  are g i v e n  i n  F i g u r e s  3  t o  6  
and Tab le  1. 
b.  Surrounding Sea F loor :  
Both c o r i n g  and d redg ing  were a t t e m p t e d  on t h e  s e a - f l o o r  i n  t h e  S t .  
P a u l ' s  Rocks r e g i o n  d u r i n g  t h e  two c r u i s e s .  Cor ing was by a c o n v e n t i o n a l  
p i s t o n  c o r e ,  a  " f r e e - f a l l "  c o r e  (Sachs and Raymond, 1965) ,  o r  a  "dar t "  c o r e  
( a  h i g h  mass, h i g h  v e l o c i t y  g r a v i t y  c o r e ) .  Dredging w a s  by a c o n v e n t i o n a l  
c h a i n  bag rock  d redge  w i t h  a  s m a l l  lOcm d iamete r  p i p e  a t t a c h e d  t o  r e t a i n  sed-  
iment.  Shal low w a t e r  d redg ing  i n  t h e  n e a r  v i c i n i t y  o f  t h e  Rocks was by a 
0.3m d i a m e t e r  p ipe .  
D e t a i l s  of sampl ing s t a t i o n  l o c a t i o n s  and r e s u l t s  a r e  g i v e n  i n  F i g u r e s  
7 and 8 and Tables  2 ,  3 and 4. 
( 3 )  Bathymetry and Morphology: 
a. S t .  P a u l ' s  Islets: 
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Northeast and Southeast  I s l e t s ,  Sample Locat ions 
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Southwest Rock and South I s l e t ,  Sample Locations 
i s l e t s  and f o u r  s m a l l e r  r o c k s  above t h e  t i d a l  and s w e l l  r ange ;  a few s m a l l e r  
p i n n a c l e s  a r e  o c c a s i o n a l l y  v i s i b l e  above t h e  waves. The extreme l e n g t h  o r  
b r e a d t h  of S t .  P a u l ' s  Rocks i s  l e s s  t h a n  250 meters, t h e i r  combined c i rcumfer -  
ence abou t  0 .8  Km. F i g u r e  2 shows t h e  o u t l i n e  and names of t h e  p r i n c i p a l  
i s l e t s  and r o c k s  t aken  from T r e s s l e r  e t  a l . ,  (1956).  A l l  t h e  islets a r e  
marked by rugged and i r r e g u l a r  topography. The h i g h e s t  p o i n t s ,  approx imate ly  
12m above s e a  l e v e l ,  a r e  on N o r t h e a s t  and Southwest Islets; a l l  t h e  h i g h  peaks  
a r e  guano-covered, p a r t i c u l a r l y  t h e  l i g h t h o u s e - b e a r i n g  Southwest Is le t  which i s  
t h e  o n l y  one s u p p o r t i n g  n e s t i n g  boobies  and t e r n s .  The o n l y  s i g n i f i c a n t  r e l -  
a t i v e l y  l a r g e  l e v e l  a r e a  i s  on t h e  s o u t h  s i d e  of Southwest I s l e t ,  a  s p r a y e d ,  
pool-covered,  f l a t  r e g i o n  two t o  t h r e e  m e t e r s  above sea l e v e l .  
Some topograph ic  f e a t u r e s  of t h e  islets are no ted  i n  F i g u r e s  3-6. The 
main f r a c t u r e  and f i s s u r e  sys tem t r e n d s  i n  a  N-S d i r e c t i o n .  A l l  t h e  f e a t u r e s  
d e s c r i b e d  by T r e s s l e r  e t  a l .  s t i l l  e x i s t ,  however, i t  shou ld  b e  n o t e d  t h a t  
Northwest I s l e t  i s  c u t  by a  l a r g e  f i s s u r e  a t  t h e  e a s t e r n  end. T h i s  i s  n o t  
noted on t h e  maps of T r e s s l e r  e t  a l . ,  b u t  o b v i o u s l y  e x i s t e d  as s e e n  f rom 
P l a t e  8 of t h e i r  r e p o r t .  
b. S t .  P a u l ' s  Massi f :  
I n  F i g u r e  7 ,  a r e  shown t h e  c r u i s e  t r a c k s  f o r  t h e  Chain and A t l a n t i s  
c r u i s e s .  Nav iga t ion  was main ta ined  by v i s u a l  compass-fixing on t h e  l i g h t -  
house ,  Southwest Islet ,  c e l e s t i a l  n a v i g a t i o n  and dead reckoning  d u r i n g  
Chain 35 c r u i s e ,  and r a d a r  f i x i n g  on  t h e  l i g h t h o u s e  p l u s  c e l e s t i a l  and dead 
reckoning  n a v i g a t i o n  d u r i n g  A t l a n t i s  11, C r u i s e  20. Continuous echo sounding 
p r o f i l e s  were made u s i n g  a  G i f f t  1 2  KHz t r a n s c e i v e r ,  Edo t r a n s d u c e r  and t h e  
Alden E l e c t r o n i c  Company P r e c i s i o n  Graphic  Recorder. 
The p r e c i s i o n  t ime b a s e  sweep was c a l i b r a t e d  f o r  a  v e l o c i t y  of sound i n  wa te r  
of 4800 f t / s e c .  The echo sounding d e p t h  r e a d i n g s  were p l o t t e d  on t h e  t r a c k  
l i n e s  a t  one-minute i n t e r v a l s  w i t h  in-between soundings  on peaks  and t roughs .  
These soundings  a r e  t h e  b a s i s  f o r  t h e  contoured b a t h y m e t r i c  map shown i n  
F igure  8 .  
The S t .  P a u l ' s  mass i f  i s  an  e l o n g a t e ,  r i d g e - l i k e  s t r u c t u r e  w i t h  a n  ENE 
s t r i k e  of approx imate ly  70°T. The S t .  P a u l ' s  Rocks a r e  a v e r y  s m a l l  expres-  
s i o n  of t h e  form and bathymetry  t h a t  compose t h i s  unique g e o l o g i c a l  f e a t u r e .  
The bot tom i s  v e r y  i r r e g u l a r  and rocky,  though s m a l l  l o c a l  sediment ponds do 
e x i s t  on t h e  s i d e s .  The bottom i s  v e r y  s t e e p  t o  t h e  n o r t h  and s o u t h  o f  t h e  
a x i s  w i t h  s l o p e s  of 1 : 2  t o  1 : 5 .  The h i g h  p o i n t  of t h e  m a s s i f ,  t h e  I s l e t s ,  
a r e  n o t  c e n t r a l  b u t  e a s t  of t h e  c e n t e r .  Using t h e  3000m con tour  l i n e  a s  a n  
a r b i t r a r y  boundary t o  t h e  f e a t u r e ,  i t  i s  approx imate ly  70 Km l o n g  by 22 Km 
wide. The S t .  P a u l ' s  Rocks l i e  approx imate ly  20 Km from t h e  e a s t e r n  end and 
50 Km from t h e  w e s t e r n  end. The f e a t u r e  t h u s  h a s  a n  o v a t e  wedge shape.  
The n o r t h e r n  s l o p e  of t h e  massi f  i n  t h e  v i c i n i t y  of t h e  Rocks d r o p s  
s t e e p l y  down t o  a f l a t  s e d i m e n t - f i l l e d  r e g i o n  a t  3500m dep th .  To t h e  s o u t h  
of t h e  Rocks, t h e  r e l i e f  i s  much l e s s  r e g u l a r ,  a  pronounced s t e p  i s  s e e n  a t  
l O O O m  dep th ;  a  s e r i e s  of sediment  covered s t e p s  a l s o  e x i s t  from 2800m down 
t o  a  f l a t  s e d i m e n t - f i l l e d  r e g i o n  a t  3500m depth.  To t h e  e a s t  of t h e  Rocks, 
t h e  a x i s  of t h e  f e a t u r e  c o n t i n u e s  approx imate ly  70° and t h e  r e l i e f  descends  
f a i r l y  s t e e p l y  ( s l o p e s  of 1:4-1:5) and r e g u l a r l y  t o  3000-3500m dep th .  To 
t h e  west  of t h e  Rocks, t h e  a x i s  o f  t h e  f e a t u r e  c o n t i n u e s  f o r  approx imate ly  
8 .0  Km t h e n  t r e n d s  i n  a n  eas t -wes t  d i r e c t i o n  w i t h  a much nar rower  r i d g e  
shape t h a n  i n  t h e  v i c i n i t y  of t h e  Rocks. P r o f i l e s  N-S, and E-W through t h e  
S t .  P a u l ' s  Rocks ( i n d i c a t e d  a s  AA' and BB'  i n  F igure  8 ) , a r e  shown i n  F igure  9 .  
c .  Regional  Bathymetry and Morphology: 
I n  F i g u r e  l o b ,  t h e  t r a c k  l i n e s  f o r  t h e  Chain 35 and A t l a n t i s  I1 
c r u i s e s  a r e  shown, a l s o  t h o s e  of t h e  A t l a n t i s  I1 C r u i s e  42, 1968. Soundings 
a t  f ive-minute  i n t e r v a l s  on t h e s e  t r a c k s  have been used a s  t h e  b a s i s  f o r  t h e  
b a t h y m e t r i c  c o n t o u r i n g  a l s o  shown i n  t h e  same f i g u r e  and i n  F i g u r e  10a.  Th is  
c o n t o u r i n g  has  a l s o  been supplemented by a  h o s t  o f  soundings  from o t h e r  vess -  
e l s  n o t  y e t  pub l i shed .  W e  a r e  g r a t e f u l  t o  P r o f e s s o r  H.  Hess, P r i n c e t o n  Uni- 
v e r s i t y ,  f o r  a l l o w i n g  u s  a c c e s s  t o ,  and u s e  of t h e s e  d a t a .  
F igure  1, showing t h e  l o c a t i o n  of S t .  P a u l ' s  Rocks, i n d i c a t e s  t h a t  they  
were c l o s e l y  r e l a t e d  t o  t h e  mid-At lan t i c  Ridge a x i s  and a s e r i e s  of e a s t -  
wes t  f r a c t u r e  zones.  F i g u r e  1 0 a , b ,  c l a r i f i e s  t h i s  r e l a t i o n s h i p .  The S t .  
P a u l ' s  Rocks massi f  i s  a n  independent  f e a t u r e  n o t  a p p a r e n t l y  s t r u c t u r a l l y  
r e l a t e d  t o  t h e  Ridge. To t h e  n o r t h e a s t  of t h e  m a s s i f ,  h i g h  r e l i e f  is  appar-  
e n t ,  a l t h o u g h  t h e  e l o n g a t e  r i d g e  and v a l l e y  s t r u c t u r e s  t y p i c a l l y  found i n  
t h e  Ridge a x i s  a r e  n o t  p r e s e n t .  These f e a t u r e s ,  and t h e  S t .  P a u l ' s  mass i f  
a r e  bounded by a s m a l l  escarpment immediate ly  t o  t h e  s o u t h ,  and which t r e n d s  
eas t -west  a l t h o u g h  n o t  a p p a r e n t l y  much beyond 27OW. 
A t  abou t  25OW, and e x t e n d i n g  from 1°N t o  1°S ,  h i g h  r e l i e f  w i t h  a d e f i n -  
i t e  nor th - sou th  a x i a l  t r e n d  may w e l l  r e p r e s e n t  a  segment of t h e  mid-At lan t i c  
Ridge. Immediately t o  t h e  s o u t h  of t h i s  f e a t u r e  and t r e n d i n g  eas t -wes t  i s  a  
l a r g e  escarpment ex tend ing  beyond t h e  range  22"W t o  33OW s e e n  i n  t h i s  f i g u r e .  
Th i s  f e a t u r e  i s  a p p a r e n t l y  p a r t  of t h e  sys tem of f r a c t u r e  zones found i n  t h e  
E q u a t o r i a l  A t l a n t i c  (Heezen e t  a l . ,  1965) and p robab ly  r e l a t e d  t o  t h e  Romanche 
f r a c t u r e  zone. The s c a r p  h a s  a r e l i e f  of approx imate ly  1500m and s l o p e s  of 
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1:5 to 1:12 are common. 
( 4 )  Geology: 
a. St. Paul's Islets: 
[l] Northwest Islet 
(a) Peridotites 
The islet composed predominantly of mylonitized peridotites 
which are less than 10% serpentinized. These peridotites are mainly aphanitic, 
they range from light gray to greenish gray on fresh surfaces, and commonly 
have a greasy l~stre. They are consistently fresher on the north side of the 
islet and more weathered on the south side (Figure 3). Rarely, large porphy- 
roclasts of pyroxene and dark brown spinel are visible, ranging to 1 cm in 
diameter. No compositional layering was found. 
(b) Structure 
The Northwest islet is characterized by extensive jointing 
in parallel sets mainly between 3 and 10 cm apart. Intersection of these 
joints produces the blocky, fragmental appearance which characterizes the 
islet. The joints show numerous orientations, although a N-S strike, east 
dipping set is particularly well developed. It is along this set that the 
major fissures have opened (Figure 3), and the N-S breccia fillings are also 
largely a reflection of this joint set. The serpentine-coated joints show 
very variable orientation with no major set observable. 
The eastern edge of the islet is completely cut off from the 
main part of the islet by a deep impassable fissure, 2m wide and with 7m 
high walls, through which the sea surges. 
(c) Near-Surface Phenomena 
Where n o t  c o a t e d  by s e r p e n t i n e ,  t h e  p e r i d o t i t e s  commonly 
wea ther  t o  a r u s t y  orange-brown. The s p i n e l  b e s t  s u r v i v e s  t h e  wea ther ing  and 
i s  commonly v i s i b l e  i n  even h i g h l y  weathered p e r i d o t i t e s .  Where c o a t e d  by 
s e r p e n t i n e ,  t h e  p e r i d o t i t e s  a r e  d a r k  green.  The o u t e r  edge of t h e  i s l e t  a t  
t h e  t i d a l  l e v e l ,  and i n  f i s s u r e s  through which t h e  s e a  c o n t i n u a l l y  s u r g e s ,  
a r e  coa ted  by l i t h o t h a m n i o n .  
Carbonate-phosphate b r e c c i a s  and conglomerates  a r e  w e l l - d i s p l a y e d  
a t  s e v e r a l  l o c a l i t i e s  on t h e  i s l e t .  The t h i c k e s t  and most c o n t i n u o u s  a r e  o r i -  
e n t a t e d  approx imate ly  nor th - sou th ,  a r e  up t o  l m  wide,  and p inch  and s w e l l  a l o n g  
t h e  s t r i k e ;  some may be  t r a c e d  9-12m. Commonly, t h e y  occur  a s  n e a r - v e r t i c a l  
f i s s u r e  f i l l i n g s ,  a l t h o u g h  some h o r i z o n t a l  c o a t i n g s  a r e  found. The m a t r i x  i s  
a  n e a r l y  w h i t e  carbonate-phosphate ,  g e n e r a l l y  t h i n l y  l a y e r e d .  The l i t h i c  f r a g -  
ments a r e  predominant ly  r u s t y ,  weathered p e r i d o t i t e s .  S h e l l  d e b r i s  is l e s s  com- 
mon, b u t  n e a r l y  always p r e s e n t .  The l i t h i c  f ragments  range  from a n g u l a r  t o  
well-rounded and a r e  c o n s i s t e n t  w i t h  e n t i r e l y  l o c a l  d e r i v a t i o n .  
Guano i s  r e s t r i c t e d  t o  t h e  upper peak and i s  n o t  v e r y  e x t e n s i v e .  
Tide  poo ls  a r e  l e s s  abundant than  Southwest and S o u t h e a s t  I s l e t s ,  Noddies a r e  
s e e n  i n  abundance perch ing  on c l i f f  f a c e ,  a l t h o u g h  n o t  a p p a r e n t l y  n e s t i n g ;  boob- 
i e s  a r e  v e r y  uncommon. Crabs a r e  l e s s  abundant t h a n  on Southwest and S o u t h e a s t  
I s l e t s .  
[ 2 ]  Nor theas t  I s l e t  
( a )  P e r i d o t i t e s  
Rusty ,  weathered p e r i d o t i t e s ,  s i m i l a r  t o  t h e  s o u t h e r n  p a r t  
of Northwest I s l e t ,  predominate.  F r e s h e r ,  a p h a n i t i c  p e r i d o t i t e s  were found 
a t  t h e  n o r t h e r n  edge of t h e  i s l e t .  I n t e r l a y e r e d  pe r ido t i t e -ho rnb lend i t e s  
were n o t  found. 
(b )  S t r u c t u r e  
The j o i n t i n g  p a t t e r n  i s  s i m i l a r  t o  Northwest Islet  w i t h  
a N-S t o  NE-SW s e t  predominat ing.  The major f i s s u r e s  r u n  approx imate ly  NE- 
SW ( F i g u r e  4 ) .  The h i g h  p o i n t  of t h e  i s l e t  i s  a t  t h e  n o r t h e a s t e r n  end. The 
wes te rn  end of t h e  i s l e t  h a s  a r i d g e  runn ing  nor th - sou th ;  a l o n g  t h e  r i d g e ,  
t h e  rocks  a r e  d i s t i n c t l y  more crushed and b r e c c i a t e d .  
( c )  Near-Surface Phenomena 
T y p i c a l  cemented b r e c c i a  and conglomerate  f i s s u r e  f i l l i n g s  
a r e  common. T i d a l  p o o l s  a r e  more common t h a n  Northwest Islet  and a r e  o f t e n  
f i l l e d  w i t h  l o o s e ,  rounded pebb les .  The c rush-brecc ia  a l o n g  t h e  w e s t e r n  r i d g e  
i s  more h i g h l y  weathered t o  a  yellowish-brown f r i a b l e  rock.  
[ 3 ]  S o u t h e a s t  I s l e t  
( a )  P e r i d o t i t e s  
S o u t h e a s t  I s l e t  i s  t h e  most complex and most i n t e r e s t i n g  
g e o l o g i c a l l y .  The p e r i d o t i t e s  a r e  s i m i l a r  t o  Northwest Islet  w i t h  t h e  f r e s h e r  
p e r i d o t i t e s  i n  t h e  n o r t h e r n  p a r t  o f  t h e  i s le t .  The p e r i d o t i t e s  from t h e  sou th-  
e r n  p a r t  of t h e  i s l e t  - a r e a  C i n  F i g u r e  4  - a r e  v e r y  h i g h l y  weathered and a l -  
t e r e d .  Area B ( F i g u r e  4) i s  c h a r a c t e r i z e d  by p e r i d o t i t e s  more s e r p e n t i n i z e d  
than  any from t h e  o t h e r  i s l e t s .  Areas  A and D ( F i g u r e  4 )  a r e  predominant ly  
composed of b r e c c i a s ;  Area A,  a  conglomerate  - b r e c c i a ,  Area D, composed o f  
l a r g e  d i s p l a c e d  b o u l d e r s  - a  megabreccia .  The most s i g n i f i c a n t  r o c k s  of t h e  
i s l e t  a r e  t h e  i n t e r l a y e r e d  ho rnb lend i t e -pe r ido t i t e s .  They o c c u r  a t  a  number 
of l o c a l i t i e s  ( F i g u r e  4 ) ,  b u t  predominant ly  i n  Area E. 
(b)  S t r u c t u r e  
The j o i n t i n g  and f i s s u r e  p a t t e r n  of Northwest I s l e t  i s  
a l s o  s e e n  on S o u t h e a s t  I s l e t  and nor th - sou th  t r e n d s  predominate .  The main 
c h a r a c t e r i s t i c  s t r u c t u r e s  of t h e  i s l e t  a r e  shown i n  F i g u r e  4 .  The l a r g e  mega- 
b r e c c i a  i n  Area D,  i s  composed of l o o s e - l y i n g ,  b u t  l a r g e ,  b o u l d e r s ;  i t  i s  n o t  
p o s s i b l e  t o  s e e  i f  t h e y  o v e r l i e  normal p e r i d o t i t e .  The i n t e r l a y e r e d  hornblend- 
i t e - p e r i d o t i t e s  s t r i k e  between 130"-180' and d i p  35-90°E. 
( c )  Near-Surface Phenomena 
The cemented carbonate-phosphate  b r e c c i a s  and conglomerates  
a r e  s i m i l a r  t o  t h o s e  found on t h e  o t h e r  i s l e t s  e x c e p t  t h a t  t h e  l i t h i c  f ragments  
c o n t a i n  a  s i g n i f i c a n t  p r o p o r t i o n  of h o r n b l e n d i t e  f ragments .  The h o r n b l e n d i t e -  
r i c h  rocks  a r e  l e s s  r e s i s t a n t  t o  wea ther ing  and t h e  banding i s  t h u s  commonly 
e t c h e d  i n  r e l i e f .  
[ 4 ]  Southwest I s l e t  
( a )  P e r i d o t i t e s  
The i s l e t  i s  predominant ly  composed of weathered p e r i d o t i t e s  
s i m i l a r  t o  t h e  s o u t h e r n  p a r t  of Northwest I s l e t .  The f l a t - l y i n g  r e g i o n  a t  t h e  
s o u t h e r n  end o f  t h e  i s le t  i s  c h a r a c t e r i z e d  by h i g h l y  weathered and f r a c t u r e d  
p e r i d o t i t e s  s i m i l a r  t o  Area C ( F i g u r e  5) on S o u t h e a s t  Is let .  
(b)  S t r u c t u r e  
Southwest I s l e t  i s  t h e  l a r g e s t  of t h e  i s l e t s  and h a s  t h e  
h i g h e s t  peak above s e a - l e v e l .  F i s s u r e  and j o i n t i n g  p a t t e r n s  a r e  complex b u t  
predominate nor th - sou th .  T r e s s l e r  e t  a l .  (1956) ,  show some of t h e  main f r a c -  
t u r e  p a t t e r n s .  O r i e n t a t e d  samples  were t a k e n  from t h i s  i s le t .  
(c )  Near-Surface Phenomena 
This  i s l e t  i s  c h a r a c t e r i z e d  by t h e  remains  o f  t h e  o l d  
l i g h t h o u s e  e r e c t e d  by t h e  B r a z i l i a n s  i n  1930-31. The h i g h  peak i s  e x t e n s i v e l y  
covered w i t h  a h a r d ,  w h i t e ,  guano-derived phosphate  c o v e r i n g .  Boobies and 
t e r n s  a r e  most abundant and a r e  n e s t i n g .  Massive and banded carbonate-phos-  
p h a t e  f i s s u r e  f i l l i n g s  and cemented conglomerates  and b r e c c i a s  a r e  common. 
The f l a t  r e g i o n  of h i g h l y  weathered p e r i d o t i t e  ( F i g u r e  5) i s  marked by phos- 
pha te -ca rbona te  f i s s u r e  f i l l i n g s  g i v i n g  a  d i s t i n c t  boxwork s t r u c t u r e .  L i t h o -  
thamnion-covered t i d a l  s u r f a c e s  c i r c u m s c r i b e  t h e  i s l e t .  
[5 ]  South Islet  
( a )  P e r i d o t i t e s  
Rusty ,  weathered p e r i d o t i t e s  predominate ;  t h e  n o r t h e r n  end 
of t h e  i s l e t  t e n d s  t o  b e  f r e s h e r .  They a r e  similar t o  t h o s e  found on t h e  
s o u t h e r n  p a r t  of Northwest I s l e t .  One s m a l l  a r e a  of i n t e r l a y e r e d  hornblend-  
i t e - p e r i d o t i t e  is  found a t  t h e  n o r t h e r n  edge ( F i g u r e  6 ) .  
(b) S t r u c t u r e  
P a r a l l e l  j o i n t i n g  s e t s ,  on a  r e l a t i v e l y  s m a l l  s c a l e ,  g i v e  
t h e  i s l e t  somewhat of a  b locky appearance .  The predominant f e a t u r e  i s  a  
l a r g e  f i s s u r e  runn ing  approx imate ly  nor th - sou th  and p a r t i a l l y  i n f i l l e d  w i t h  
cemented b r e c c i a .  
( c )  Near-Surface Phenomena 
Phosphate-carbonate  cemented b r e c c i a s  and cong lomera tes  
a r e  found a s  f i s s u r e  i n f i l l i n g s .  Guano-covered o u t c r o p s  a r e  a b s e n t .  
[6 ]  Southwest Rocks 
( a )  P e r i d o t i t e s  
Only t h e  nor the rnmos t  of t h e  two s u b a e r i a l  exposures  known 
a s  Southwest Rocks was v i s i t e d .  The p e r i d o t i t e s  were s i m i l a r  t o  t h o s e  of 
South I s l e t .  The n o r t h w e s t e r n  end of t h e  i s l e t  was composed of i n t e r l a y e r e d  
h o r n b l e n d i t e  p e r i d o t i t e s .  A s m a l l e r  o u t c r o p  of t h e s e  r o c k s  was a l s o  n o t e d  i n  
t h e  c e n t e r  of t h e  Rock. 
(b) S t r u c t u r e  
The b locky  appearance  was due t o  i n t e r s e c t i n g  j o i n t  s e t s  
a s  on South I s l e t .  No major  f i s s u r e  o r  j o i n t s  were  no ted .  
( c )  Near-Surface Phenomena 
S i m i l a r  cemented f i s s u r e  f i l l i n g s  were  s e e n  a s  on South 
Rock, though l e s s  e x t e n s i v e .  
b .  Surrounding Sea F l o o r  
1. Rock Types: 
Rock t y p e s  found i n  t h e  immediate v i c i n i t y  of S t .  P a u l ' s  Rocks a r e  i n d i -  
c a t e d  on F i g u r e  12 and Tab les  1 ,2  & 3 .  They i n c l u d e  m y l o n i t i z e d  p e r i d o t i t e s ,  
some w i t h  i n t e r l a y e r e d  h o r n b l e n d i t e ;  s e r p e n t i n i z e d  p e r i d o t i t e s ;  b a s a l t  i n c l u d -  
i n g  weathered b a s a l t  and f r e s h  v e s i c u l a r  a l k a l i  b a s a l t ;  metamorphosed b a s a l t s ;  
gabbro;  c o n s o l i d a t e d  oozes ,  l i m e s t o n e s  and d o l o s t o n e s ,  and u n c o n s o l i d a t e d  ooze.  
2. D i s t r i b u t i o n :  
Some i n d i c a t i o n  of t h e  r e l a t i v e  d i s t r i b u t i o n  of t h e  v a r i o u s  rock  t y p e s  
is  s e e n  i n  F i g u r e  12.  The upper p a r t  of t h e  massi f  i s  covered w i t h  myloni t -  
i z e d  p e r i d o t i t e  t a l u s  and o t h e r  t a l u s  s i m i l a r  t o  t h a t  observed on t h e  i s l e t s .  
Very l i t t l e  sediment  cover  is found o r  ferromanganese  d e p o s i t s .  Organisms a r e  
abundant e n c r u s t i n g  t h e  t a l u s  i n  t h e  v e r y  s h a l l o w  upper l e v e l s  and i n c l u d e  a l -  
gae ,  c o r a l s  and sponges.  Below 1000m, o t h e r  r o c k  t y p e s  become more abundant .  
They i n c l u d e  more s e r p e n t i n i z e d  v a r i e t i e s  of t h e  p e r i d o t i t e s ,  c o n s o l i d a t e d  
oozes ,  l i m e s t o n e s  and d o l o s t o n e s ,  b a s a l t ,  i n c l u d i n g  metamorphosed v a r i e t i e s ,  
and i n  Dredge 39,  some g a b b r o i c  r o c k s .  The lower p a r t s  of t h e  massi f  a r e  pre-  
dominantly covered w i t h  f o r a m i n i f e r a 1  ooze,  p a r t i c u l a r l y  below 3000m. F r e s h  
v e s i c u l a r  a l k a l i  o l i v i n e  b a s a l t  i s  found i n  Dredge 4 3  on t h e  n o r t h e r n  s l o p e .  
3.  R e l a t i v e  Ages: 
Sediments on t h e  upper s l o p e s  above l O O O m  are Q u a t e r n a r y  i n  age  ( C i f e l l i ,  
1970) .  The lower s l o p e s  a r e  predominant ly  Miocene i n  age.  Amongst t h e  conso l -  
i d a t e d  oozes  and l i m e s t o n e s ,  t h e  a g e s  a r e  mos t ly  l a t e  Miocene, b u t  i n c l u d e  mid- 
Miocene, P l i o c e n e  and one of P l e i s t o c e n e  age  i n  Dredge 36 ( C i f e l l i ,  1970; 
Thompson e t  a l . ,  1 9 6 8 ) .  The a l k a l i  b a s a l t  i n  Dredge 43 i s  a s s o c i a t e d  w i t h  
Quaternary sediments  thought  t o  have been caught  up on t h e  f l o w  d u r i n g  erup-  
t i o n  (Melson e t  a l . ,  1967) .  
4 .  G e o l o g i c a l  R e c o n s t r u c t i o n :  
The r o c k  d i s t r i b u t i o n  and r e l a t i v e  a g e s  s u g g e s t  d i a p i r i c  i n t r u s i o n  of 
a  mant le-der ived p e r i d o t i t e  (Melson e t  a l . ,  1967, 1972) through o l d e r  o c e a n i c  
c r u s t  some t ime  between mid-Miocene and t h e  Qua te rnary .  Ta lus  from t h e  i s l e t s  
now h i d e s  much of t h a t  h i s t o r y ,  b u t  t h e  edges  around t h e  t a l u s  show p a r t s  o f  
t h a t  o l d e r  o c e a n i c  c r u s t  - most ly  weathered b a s a l t  - a l t h o u g h  t h e  p r e s e n c e  of 
gabbro s u g g e s t s  some deeper  l e v e l s  of t h e  c r u s t  exposed. 
The abundance and more p e r v a s i v e  s e r p e n t i n i z a t i o n  of p e r i d o t i t e  around 
t h e  margins s u g g e s t s  f l u i d s  accompanying t h e  i n t r u s i o n  l e a d i n g  t o  t h e  i n c r e a s e d  
buoyancy and ' l u b r i c a t i o n ' .  The metamorphosed v a r i e t i e s  of b a s a l t ,  some w i t h  
s l i c k e n s i d e  f e a t u r e s  (Melson and Thompson, 1973) And t h e  p resence  of a  v a r i e t y  
of l i t h i f i e d  c a r b o n a t e s  w i t h  d i v e r s e  i s o t o p i c  composi t ions  (Thompson, 1973) 
c o - e x i s t i n g  i n  c l o s e  p rox imi ty  s u g g e s t  a l t e r a t i o n  of t h e  o l d e r  o c e a n i c  c r u s t  
i n  t h e  immediate v i c i n i t y  of t h e  i n t r u s i o n  and a s s o c i a t e d  w i t h  t h e  a c t u a l  
i n t r u s i v e  e v e n t .  
The l a c k  of ferromanganese e n c r u s t a t i o n s  on t h e  t a l u s ,  s u g g e s t s  a  r e l a -  
t i v e l y  young f e a t u r e ,  u n l e s s  con t inued  t e c t o n i c  a c t i v i t y  h a s  s u p p l i e d  d e t r i t u s  
from t h e  i s l e t s  u n t i l  v e r y  r e c e n t l y .  The Quaternary vo lcan i sm s e e n  i n  t h e  a l-  
k a l i  b a s a l t s  on t h e  n o r t h e r n  s l o p e  a p p a r e n t l y  broke through t h e  t a l u s  and t h e  
b a s a l t s  i n c l u d e  many i n c l u s i o n s  o r  x e n o l i t h s  of m y l o n i t i z e d  p e r i d o t i t e  i n d i -  
c a t i n g  t h a t  i t  p o s t d a t e s  t h e  d i a p i r i c  i n t r u s i o n  of t h e  p e r i d o t i t e ,  
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Table  l a  SOUTHWEST ISLET: C r u i s e :  Chain 35, Landing: March 1 8 ,  1963 
C o l l e c t o r s :  G. D. N i c h o l l s ,  G. Thompson, P. L. Sachs ,  I. Macgregor 
Sample Number D e s c r i p t i o n  
Fine-grained,  massive ,  b locky wea ther ing ,  o r i e n t a t e d  sample 
-320' a t  74'W - p e r i d o t i t e .  
A s  1, o r i e n t a t e d  sample -300' a t  68'E - p e r i d o t i t e .  
F ine-gra ined ,  mass ive ,  h i g h l y  f r a c t u r e d ,  o r i e n t a t e d  sample 
L_006 '  a t  71°W - p e r i d o t i t e .  
( F  316' a t  7 4 ' ~  seems t o  b e  main f r a c t u r e  s u r f a c e  h e r e ,  b u t  
t h e r e  a r e  many o t h e r s  which g i v e  rock  b l o c k y  appearance) .  
F ine-gra ined ,  h i g h l y  b u t  i r r e g u l a r l y  f r a c t u r e d  t o  s m a l l  ang- 
u l a r  p i e c e s ,  o r i e n t a t e d  sample - 4 3 6 '  a t  45'SE - p e r i d o t i t e .  
F ine-gra ined ,  h i g h l y  f r a c t u r e d ,  o r i e n t a t e d  sample -340' a t  
71°W - p e r i d o t i t e .  
F ine-gra ined ,  c o a r s e ,  b locky f r a c t u r e  p a t t e r n ,  o r i e n t a t e d  
sample -28' a t  38'W - p e r i d o t i t e .  
A s  6 ,  o r i e n t a t e d  sample -310' a t  91°SW ( ? )  - p e r i d o t i t e .  
A s  6 ,  o r i e n t a t e d  sample-214' a t  60°SE - p e r i d o t i t e .  
(Samples 1-8: O r i e n t a t e d  samples c o l l e c t e d  by I. Macgregor 
and G. Thompson. D u p l i c a t e  samples r e t a i n e d  by Macgregor).  
S u i t e  of samples t o  i l l u s t r a t e  cemented g r a v e l  d e p o s i t .  
S u i t e  of samples t o  i l l u s t r a t e  pebb le  conglomerate .  
Pebb le  conglomerate .  
S u i t e  of samples t o  i l l u s t r a t e  c a l c a r e o u s  d e p o s i t  i n  c l e f t s  
of p e r i d o t i t e .  
S u i t e  of samples t o  i l l u s t r a t e  t h e  same f e a t u r e  a s  18-21. 
S e r p e n t i n i z e d  o r  m y l o n i t i z e d  p e r i d o t i t e .  
S u i t e  of samples i l l u s t r a t i n g  v a r i a t i o n  i n  p e r i d o t i t e  over  
r e s t r i c t e d  a r e a  ( 1  s q u a r e  y a r d ) .  
Table  l a  (Continued) 
Sample Number D e s c r i p t i o n  
2  9  Massive p e r i d o t i t e .  
34, 35, 36, 45 S u i t e  of samples c o l l e c t e d  from f r e s h  exposures  a f t e r  b l a s t -  
i n g  i l l u s t r a t i n g  sequence from s u r f a c e  guano down t o  serpen-  
t i n i z e d  p e r i d o t i t e .  
37, 38, 39, 40 S u i t e  of samples t o  i l l u s t r a t e  phosphorus metasomat ic  e f f e c t s  
on p e r i d o t i t e  ( o b t a i n e d  by hammer work on r o c k s ) .  
Table  l a  SOUTHWEST ISLET: Cru i se :  A t l a n t i s  11-20, Landing: March 19 ,  1966 
C o l l e c t o r s :  G. Thompson, R. Heath and J. C o r l i s s  
Sample  umber‘ D e s c r i p t i o n  
SW-1, Upper weathered m a t e r i a l  from d r i l l  s i t e  T-1. 
SW-2. Fresh  guano from l i g h t h o u s e  f l o o r .  
F i r s t  d r i l l  s i t e ,  abandoned a f t e r  1 0  minu tes .  Weather ing 
zone t o o  f r i a b l e  and blocked c o r e  b a r r e l .  
D r i l l  S i t e  2,  approx imate ly  1 meter  from, and s l i g h t l y  
h i g h e r  e l e v a t i o n  than ,  S i t e  1, 14.8 m e t e r s  SSW of l i g h t -  
house.  %ZOO cm of f a i r l y  f r e s h  p e r i d o t i t e  w i t h  weathered 
bands v a r y i n g  from 0.5  t o  5 cm t h i c k n e s s .  Core o f t e n  
b roke  a t  weathered bands and jammed i n  t h e  c o r e  b a r r e l .  
Upper 1 2  cm weathered,  f r i a b l e  p e r i d o t i t e .  190-200 cm 
some o r i e n t a t i o n  l o s t .  Abandoned because  of f r e q u e n t  
c o r e  b a r r e l  b lockage and d i f f i c u l t y  i n  c l e a r i n g .  
D r i l l  S i t e  3 ,  1 3 . 0  mete r s  N o f  l i g h t h o u s e .  Abandoned 
a f t e r  50 cm p e n e t r a t i o n  i n t o  p e r i d o t i t e  w i t h  s m a l l  bands 
of weathered m a t e r i a l .  S i m i l a r  d i f f i c u l t y  i n  d r i l l i n g  
a s  S i t e  2 .  
T a b l e  l b  NORTHWEST ISLET: C r u i s e :  A t l a n t i s  11-20, Landing: March 22, 1966 
C o l l e c t o r s :  W. G. Melson and G .  Thompson 
Sample Number D e s c r i p t i o n  
--- 
NW-1 - Rusty ,  weathered p e r i d o t i t e ,  j o i n t s  g e n e r a l l y  spaced  l e s s  
t h a n  1" a p a r t ,  carbonate-phosphate  v e i n i n g .  
Carbonate-phosphate v e i n  f i l l i n g ;  m a t r i x  ~ 6 0 %  f ragments  
r u s t y ,  weathered p e r i d o t i t e .  
NW-lb.. Rusty ,  weathered p e r i d o t i t e .  
NW-lc A s  l b  b u t  w i t h  l a r g e  s p i n e l  p o r p h y r o c l a s t s .  
NW- 2 
NW- 3. 
Rus ty ,  weathered p e r i d o t i t e ,  a  f r e s h e r  b l o c k  i n  a  h i g h l y  
weathered zone,  s e r p e n t i n e  v e i n s  and c a r b o n a t e  c o a t i n g .  
S l i g h t l y  weathered p e r i d o t i t e ,  g r e a s y  l u s t r e .  S t i l l  i n  
predominant ly  r u s t y ,  weathered zone. 
NW-4. Blocky,  r e a s o n a b l y  f r e s h ,  g r e a s y  l u s t r e ,  mass ive  p e r i d o t i t e .  
NW- 5  
NW- 7 
E a s t e r n  w a l l  of low f l a t  a r e a .  F r e s h e r  b l o c k s  from r u s t y ,  
weathered a r e a s .  
Western w a l l  of  low f l a t  a r e a .  P e r i d o t i t e  w i t h  l a r g e  o r tho-  
pyroxene and s p i n e l  p o r p h y r o c l a s t s ,  no measurab le  l a y e r i n g ,  
l i g h t  buf f  wea the r ing .  
Con tac t  of compara t ive ly  f r e s h  p e r i d o t i t e  of NW p a r t  of  
i s l e t  and more weathered p e r i d o t i t e  of f l a t  zone t o  South .  
Very f r e s h  p e r i d o t i t e ,  d a r k  g reen  on f r e s h  s u r f a c e s .  
Greasy,  mass ive  p e r i d o t i t e ,  r e a s o n a b l y  f r e s h .  Blocky f r a c -  
t u r i n g  t y p i c a l  of much of t h e  i s l e t  w e l l  developed h e r e .  
-- 
v e i n  of  c a r b o n a t e j p h o s p h a t e  cemented b r e c c i a .  
Rusty ,  weathered p e r i d o t i t e  w i t h  l a r g e  o r thopyroxene  por-  
p h y r o c l a s t s  abou t  6  mrn d i a m e t e r .  S i m i l a r  c a r b o n a t e l a p a t i t e  
v e i n s  a s  NW-8, s i m i l a r  s t r i k e  (N) and d i p .  
Massive f r e s h  p e r i d o t i t e ,  l e s s  t h a n  10% s e r p e n t i n e  ( a s  a r e  
most of t h e  p e r i d o t i t e s  on t h i s  i s l e t ) .  F r a c t u r i n g  ( j o i n t -  
i n g )  s i m i l a r  t o  s t r i k e  of  sed imenta ry  b r e c c i a  f i l l i n g  of  
NW-8 and NW-9. Main j o i n t s  d i p  45OSE, s t r i k e  45'. 
A s  NW-lla, b u t  3'  s o u t h .  
Table lb (Continued) 
Sample Number Description 
/' 
NW-12 Fresh, green, greasy lustre, peridotite. In this area 
(strike 20°, dip 30°E) well-developed jointing. 
Fresh, greasy, green peridotite from ledge on steep side 
of NW pinnacle, (material exceptionally fresh here). 
Rusty, weathered, peridotite, greenish-gray, greasy lustre 
on fresh surfaces, spinel porphyroclasts. 
NW-15 Light gray peridotite, spinel porphyroclasts. 
NW-16 Peridotite, dark brown coating. 
NW-17 Peridotite, carbonate-phosphate coating on one side. 
NW-18 Peridotite as NW-17. 
NW-19 Peridotite, rusty, weathered on unserpentinized surface. 
Wall of carbonate/phosphate vein material containing 
rounded pebbles. Wall is weathered out 2-3' above sur- 
rounding peridotite and strikes O o ,  dips 65"E. 
NW-2.L ~arbonate/phos~hate wall, lighter matrix. 
Rusty, weathered peridotite, (typical of weathered sur- 
faces of NW Islet), carbonate-phosphate-coated joints. 
Table  l c  SOUTHEAST ISLET: Cru i se :  A t l a n t i s  11-20, Landing: March 19,  1966 
C o l l e c t o r s :  W. G.  Melson and T. Moore 
Sample Number D e s c r i p t i o n  
Block w i t h  copper s t a i n e d  "malachi te"  s u r f a c e - h o r n b l e n d i t e .  
J o i n t  f i l l i n g  of c l a s t i c  r o c k s  i n  m a t r i x  - phosphate /carbon-  
a t e .  
Same l o c a t i o n  a s  SE-2 - fragment of conglomerate .  
Hornblende and s e r p e n t i n e  l a y e r s  i n  p e r i d o t i t e ,  l a y e r i n g  
s t r i k e  175O, d i p  35OE - i n t e r l a y e r e d  h o r n b l e n d i t e  p e r i d o t i t e .  
Large p o r p h y r o c l a s t s  of pyroxene i n  p e r i d o t i t e .  
S t r i k e  175', d i p  50°E, l o c a t i o n  2 ' N W  of SE-5a - p e r i d o t i t e .  
Primary b r e c c i a  - l a r g e  b l o c k  of h o r n b l e n d i t e  i n  p e r i d o t i t e .  
Block o f  h o r n b l e n d e - p e r i d o t i t e .  
A s  SE-7, hornblende weathered i n  r e l i e f .  
Hornblende-rich l a y e r s  i n  p e r i d o t i t e .  ( S t r i k e  170° ,  d i p  55OE 
- o r i e n t a t i o n  may be s l i g h t l y  changed by abounding j o i n t ) .  
I n t e r l a y e r e d  ho rnb lend i t e -pe r ido t i t e .  ( S t r i k e  135', d i p  90' 
- abundant  j o i n t i n g  may i n f l u e n c e  s t r i k e  and d i p .  1st b l o c k  
e a s t  o f  peak,  from which sample was t a k e n  (from t h e  s o u t h  end 
of t h e  b lock)  may have moved a s  u n i t  - l a y e r i n g  s t r i k e  180° ,  
d i p  60°E). 
P e r i d o t i t e  w i t h  hornb lende  l a y e r s .  
S e r p e n t i n i z e d  p e r i d o t i t e .  
Hornb lend i te  ( l a r g e  c r y s t a l s ) .  
Cemented s a n d s t o n e  v e i n  f i l l i n g  - phospha te /ca rbona te  s e d i -  
ment. 
Cemented sandy conglomerate  - phospha te /ca rbona te  sediment .  
B r e c c i a  of s e r p e n t i n i z e d  p e r i d o t i t e  w i t h  hornb lende  f ragments .  
Fragmental  c a r b o n a t e  sed iment ,  w i t h  abundant t e s t s .  
T a b l e  l c  (Continued) 
- 
D e s c r i p t i o n  
Pebble  conglomerate  ( t a k e n  a t  b a s a l  c o n t a c t  of f l a t  s h e e t  of 
conglomerate  w i t h  u n d e r l y i n g  h o r n b l e n d i t e ) .  
Calcareous  b r e c c i a ,  i n c l u d i n g  l a r g e  b a r n a c l e .  
I n t e n s e l y  j o i n t e d ,  l a r g e l y  s e r p e n t i n i z e d  p e r i d o t i t e .  
Weathered p e r i d o t i t e .  
Layered ho rnb lend i t e -pe r ido t i t e .  
Weathered s e r p e n t i n i t e  w / r e l i c t  p e r i d o t i t e  zone,  s t r i k e  145'. 
Massive h o r n b l e n d i t e .  
Rusty,  weathered p e r i d o t i t e ,  hornblende l a y e r s .  
Broken l i t h o t h a m n i o n  ( n o t  i n  s i t u ) .  
-- 
I n  s i t ~  l i t h o t h a m n i o n .  
-- 
P e r i d o t i t e  w i t h  hornb lende  l a y e r s .  
I n t e r l a y e r e d  p e r i d o t i t e  and h o r n b l e n d i t e .  
H o r n b l e n d i t e .  
Hornb lend i te  (from zone s t r i k i n g  160°,  m a l a c h i t e  s t a i n s ) .  
L i g h t  g r a y  p e r i d o t i t e ,  p a r t i a l l y  s e r p e n t i n i z e d .  
V e r t i c a l  f r a c t u r e  f i l l i n g  i n  h o r n b l e n d i t e  zone o f  sample 
SE-31, c a l c a r e o u s  cemented conglomerate .  
Rusty,  weathered p e r i d o t i t e .  
Table  I d  NORTHEAST ISLET: C r u i s e :  A t l a n t i s  11-20, Landing: March 1 9 ,  1966 
Sample Number D e s c r i p t i o n  
NE-1 Weathered f i n e - g r a i n e d  rock  broken by s m a l l  j o i n t s  - per ido-  
t i t e .  
NE- 2 Black f i s s u r e  f i l l i n g  - p h o s p h a t e l c a r b o n a t e  sediment .  
Very weathered ye l low powdery rock  - p o s s i b l y  weathered i 
c r u s h - b r e c c i a .  
Dense, massive ,  d u l l  gray-ol ive-green,  p e r i d o t i t e  appar-  
e n t l y  l i t t l e  weathered and c o n t a i n i n g  0.5-1 mm s p i n e l  por- 
p h y r o c l a s t s .  Rock i s  t r a n s l u c e n t  g reen  on t h i n  s l i v e r s .  
NE-5 Large p i e c e  s i m i l a r  t o  NE-4 - p e r i d o t i t e .  
NE-6 A s  NE-4, p o s s i b l y  more and l a r g e r  m i n e r a l s  - p e r i d o t i t e .  
Very dense ,  a lmos t  g l a s s y  g r a y i s h - o l i v e ,  r e l a t i v e l y  un- 
f r a c t u r e d .  A few d a r k  v e i n s ,  no c rushed  rock  a p p a r e n t  
w i t h i n  2 m - p e r i d o t i t e .  
Large p i e c e  a s  NE-7 - p e r i d o t i t e .  
Breccia-conglomerate  from l a r g e  v e i n  - p h o s p h a t e l c a r b o n a t e  
sed iment ,  box work s t r u c t u r e .  
C o l l e c t i o n  of t h e  most rounded of t h e  c o b b l e s  and pebb les  
from p o t h o l e s  and s p r a y  p o o l s  of t h e  s o u t h - c e n t r a l  p a r t  of 
t h e  i s l e t .  
Dense, massive ,  more g r a y i s h  r o c k  t h a n  p r e v i o u s ,  s m a l l  c rys -  
t a l s  p r e s e n t  - p e r i d o t i t e .  
Cemented conglomerate  - p h o s p h a t e l c a r b o n a t e  sed iment .  
Vein o r  f i s s u r e  f i l l i n g  - phospha te /ca rbona te  sediment .  
Dark g r a y ,  f r a c t u r e d  f i n e - g r a i n e d  rock  - p e r i d o t i t e .  
Crushed s e r p e n t i n i z e d  rock  - p e r i d o t i t e .  
S t a l a g m i t i c  m a t e r i a l  l i n i n g  s m a l l  c a v i t y .  Reddish-brown 
o u t s i d e ,  b i s c u i t - c o l o r e d  i n s i d e  w i t h  g r e e n  l a y e r  j u s t  
under s u r f a c e  - p h o s p h a t e l c a r b o n a t e  sediment .  
Table le SOUTH ISLET AND SOUTHWEST ROCKS: Cruise: Atlantis 11-20, Landing: 3/22/66 
Collectors: P. L. Sachs and T. Moore 
- --. 
Sample Number Description 
(SOUTH ISLET) 
Blocky, weathered rock with small black spinels (probably 
least weathered and jointed material on islet) -peridotite. 
Light olive-brown, weathered rock - peridotite. 
Coarse crystalline, yellowish brown vein filling (possibly 
different from other islets) - phosphate/carbonate sediment. 
Weathered fissure filling with enclosed peridotite pebbles 
- phosphate/carbonate conglomerate. 
Light olive-brown blocky rock with large spinels and serpen- 
tine filling (? )  - peridotite. 
Lithothamnion with algae and sponge. 
Sea urchin. 
Gray, blocky rock - peridotite 
Calcareous algae and sea-urchin. 
Barnacles. 
Weathered peridotite. 
Fragments of large, rounded (by weathering?) block located 
in fissure (rounded by wave wash) - peridotite? 
Gray fragment from block less jointed than surrounding area 
- peridotite. 
Grayish rock with thin bands of hornblende, bands strike 
080°, dip 60°S - interlayered hornb lend i t e -pe r ido t i t e?  
Dark gray, relatively unweathered rock - peridotite. 
Dark gray rock - peridotite. 
Weathered breccia infilling fissure - phosphate/carbonate 
sediment. 
Table  l e  (Cont inued)  
Sample Numbers D e s c r i p t i o n  
S-16 Dense, d a r k  g r a y  rock  - p e r i d o t i t e .  
Two t y p e s  of f i s s u r e  f i l l i n g  i n  same f i s s u r e .  F i s s u r e  v e r t i -  
c a l ,  N-S s t r i k e .  White m a t e r i a l  on b o t h  s i d e s  of f i s s u r e  and 
con t inuous  w i t h  j o i n t  f i l l i n g  i n  s u r r o u n d i n g  r o c k s .  S o f t  
brown e a s t  of c e n t e r  f i l l i n g  (brown f i l l i n g  subsequen t  t o  
w h i t e ? )  - phospha te /ca rbona te  sediment .  
S-18 Dense g r a y  p e r i d o t i t e .  
Weathered brown f i s s u r e  f i l l i n g  - p h o s p h a t e / c a r b o n a t e  s e d i -  
men t . 
S-20 Weathered g ray  p e r i d o t i t e .  
Highly j o i n t e d ,  weathered,  v e i n - f i l l e d  r o c k  common o v e r  most 
of the i s l e t  - p e r i d o t i t e .  
S-2 2 Sea anemone. 
(SOUTHWEST ROCKS) 
SWR-1 Dip 60°SW l a y e r e d  h o r n b l e n d i t e - p e r i d o t i t e .  
SWR- 3 AS SWR-1. 
Table 2: R/V CHAIN, CRUISE 35: DREDGE LOCATIONS AND RESULTS, ST. PAUL'S ROCKS REGION 
On 
Bottom * 
Off * Depth Bearing ' Distance i 
Number Equipment Date Bottom Time (meters) Latitude Longitude Result 
CH35-2 Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 










CH35-11 Rock Dredge With 3-23-63 On 
Chain Bag and Off 
lOcm Pipe 
Small Cobble (2kg) of Mn-crusted 
basalt. Some small pieces of al- 
tered basalt and Mn-crust. Some 
small pieces of Mn-stained con- 
solidated clay. 
Large boulder (20kg) of Mn- 
crusted, altered basalt. Some 
small pieces of highly weath- 
ered basalt. Some small pieces 
of Mn-stained consolidated clay. 
I 
h Large haul of mylonitized peri- 
dotites (45kg) similar to islet I 
types. Several rocks encrusted 
by algae and other organisms, 
some corals and pelycepods. 
One piece of glass-rimmed ba- 
salt; two large and 24 small 
pieces of consolidated foram 
ooze. Some unconsolidated 
foram ooze. 
Three large pieces of metaba- 
salt; some small pieces of ser- 
pentinite. Several small pieces 
of consolidated foram ooze and 
sepiolite-rich sediments. 
Table 2: (Continued) 
Bottom * 
Off * Depth  eari in^^ Distance t 
Numb e r  Equipment Date Bottom Time (meters)  L a t i t u d e  Longitude Resul t  
CH35-15 0.3m Pipe 4-13-63 On 1140 282 244" T 0.80 km Severa l  p i eces  of myloni t ized 
Dredge Off 1200 170 2 7 5 ' ~  1.13 km p e r i d o t i t e  and b r e c c i a s  s i m i -  
l a r  t o  i s l e t  types.  
CH35-16 0.3m P ipe  4-13-63 On 1255 161 051°T 0.97 km Cora ls ,  s e v e r a l  rocks encrusted 
Dredge OEf 1345 95 O7Z0T 0.89 km by a l g a e  and o t h e r  organisms. 
CH3 5 -1 7 0.3m Pipe  4-13-63 On 1400 121  074"T 0.80 km Mainly c o r a l s ;  few rocks en- 




CH35-18 Rock Dredge With 4-13-63 On 1445 1414 307"T 5.47 km Approximately 70kg of mylon- 
Chain Bag and Off 1650 969 277OT 7.24 km i t i z e d  p e r i d o t i t e s  and brec- 
c i a s  similar t o  i s l e t  types .  
* 
Times given a r e  those  when t h e  dredge f i r s t  reached and f i n a l l y  l e f t  bottom. Depths are those  under t h e  s h i p  a t  those 
t i m e s  given i n  meters  and co r rec t ed  f o r  t h e  v e l o c i t y  of sound i n  water.  
'gearings and d i s t a n c e s  a r e  s h i p s  ranges from l i g h t h o u s e ,  Southwest Islet ,  based on dead reckoning and/or  v i s u a l  compass 
s igh t ing .  Locat ions beyond t h a t  range a r e  g iven  as l a t i t u d e  and long i tude  and a r e  based on dead reckoning and c e l e s t i a l  
naviga t ion .  
Table 3: R/V ATLANTIS 11, CRUISE 20: DREDGE LOCATIONS AND RESULTS, ST. PAUL'S ROCKS REGION 
Bottom 4. 4. 
Numb e r Equipment 
Off -k * Bearing' Distance ' 
Date Bottom Time Depth Latitude Longitude Result 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
0.3m Pipe 
3-18-66 On 1038 
Off 1200 
3-18-66 On 1330 
Off 1510 
3-18-66 On 1700 
Off 2000 
3-18-66 On 2100 
Off 2300 
3-19-66 On 1020 
Off 1050 
Approximately 9kg consolidated 
foraminifera1 ooze (1 large 
block, 4kg, with stratigraphy 
preserved. Approximately 20kg 
dolostones (some boulders up to 
6kg). White, plastic clay and 
foram sands. 
Mainly calcareous mud with some 
ultramafic rock-derived mineral 
sands. Some serpentinite frag- 
ments. Small horn coral. I 
P3 
w 
Approximately 20kg partly ser- ' 
pentinized mylonite peridotites 
and breccias. Calcareous mud 
and sands. 
Approximately 80kg mylonitized 
peridotites and breccias simi- 
lar to islets. Some sediment- 
ary breccias with crystalline 
aragonite. Calcareous and 
mineral-rich sands. 
Several corals, some rocks en- 
crusted with algae and other 
organisms. 
Table 3: (Continued) 
On 
Bottom -I. -I. 
Off 
~x Bearing '  Distance ' Number Equipment Date Bottom Time Depth L a t i t u d e  Longitude Resul t  
lOcm Pipe  
0.3m Pipe  
0.3m Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 
Chain Bag and 
lOcm Pipe 
Rock Dredge With 














Sponges, a l g a e  encrusted rocks.  
Sponges, a l g a e ,  b iva lves  and 
o t h e r  organisms enc rus t ing  
rocks .  
Approximately 45kg myloni t ized 
p e r i d o t i t e s  and b r e c c i a s  s i m i -  
lar t o  i s l e t - t y p e s .  Many en- 
c r u s t e d  w i t h  sponges, a l g a e  
mollusks and o t h e r  organisms. 
Calcareous mud and sands wi th  
abundant pe r ido t i t e -de r ived  
minera ls  and fragments.  One 
l a r g e  deep-sea f i s h .  I 
tG 
UI Calcareous mud and sand. I 
Approximately 130kg of b a s a l t s .  
Many weathered wi th  Mn coat-  
i ng ,  bu t  some wi th  r e l a t i v e l y  
f r e s h  g l a s s  s u r f  aces .  
A few p ieces  of l o o s e l y  consol- 
i d a t e d  fo ramin i f e ra1  ooze. Some 
c l i n k e r  and Mn c r u s t .  Calcare- 
ous mud and sand, and one horn 
c o r a l  and a l a r g e  nudibranch. 

Table 3 : (Continued) 
On 
Bottom 
Off Bearing t Distance t * 
Number Equipment Date Bottom Time Depth L a t i t u d e  Longitude Resul t  
AII20-40 Rock Dredge With 3-22-66 On 2151 1463 052"T 8.69 km Approximately 25kg of mylonit- 
Chain Bag and Off 0006 1143 082"T 4.34 km ized  p e r i d o t i t e s  s i m i l a r  t o  
lOcm Pipe i s l e t  types.  Some consol ida ted  
f o r a m i n i f e r a l  ooze and sediment- 
a r y  b recc i a s ;  some g rave l  and 
sand of rock fragments and fo r -  
a m i n i f e r a l  ooze. Some organisms 
inc lud ing  c o r a l  and a gorgonian. 
AII20-41 Rock Dredge With 3-23-66 On 
Chain Bag and Off 
lOcm Pipe  
AII20-42 Rock Dredge With 3-23-66 On 
Chain Bag and Off 
10 cm Pipe 
AII20-43 Rock Dredge With 3-23-66 On 
Chain Bag and Off 
0100 1390 109OT 3.78 km Approximately 60kg myloni t ized 
0245 1116 144"T 2.41 km p e r i d o t i t e  similar t o  i s l e t  
types;  some sedimentary brec- 
c i a s ;  g rave l  and sand, very  I 
bl l i t t l e  f o r a m i n i f e r a l  ooze; two I- 
I gorgonians. 
1215 2743 007.5"T 10.62 km Fourteen p i e c e s  of rock includ-  
1630 2067 0 0 6 . 0 ° ~  8.85 km ing  p o r p h y r i t i c  b a s a l t  (1.2kg), 
c h l o r i t i z e d  b a s a l t  b recc i a s  and 
t u f f s ;  0.7kg nudstones; 15kg 
consol ida ted  f o r a m i n i f e r a l  ooze; 
12kg f o r a m i n i f e r a l  ooze and sand 
1905 2908 201°T 11.26 km Approximately 60kg rock includ-  
2155 1993 212"T 7.08 km i n g  24kg of v e s i c u l a r  f r e s h ,  
a l k a l i  b a s a l t  w i th  x e n o l i t h s  
and xenocrys ts ;  36kg mylonit- 
i zed  p r i d o t i t e s  s i m i l a r  t o  
i s l e t  types ;  some carbonate  
b r e c c i a s ;  abundant dark  gray 
mud and f o r a m i n i f e r a l  ooze. 
Table 3: (Continued) 
Bottom 
Off  eari in^^ Distance t * Number Equipment Date Bottom Time Depth L a t i t u d e  Longitude Resul t  
AII20-44 Rock Dredge With 3-24-66 
Chain Bag and 
lOcm Pipe  
AII20-45 Rock Dredge With 3-24-66 
Chain Bag and 
lOcm Pipe  
AII20-46 Rock Dredge With 3-24-66 
Chain Bag and 
lOcm Pipe  
On 0230 3017 301 " T 15.13 km Eleven p i eces  of myloni t ized  
Off 0545 2304 289"T 11.75 km p e r i d o t i t e  (1.2kg) s i m i l a r  t o  
i s le t  types ;  abundant mud and 
ooze. 
On 0900 3164 132OT 9.82 km Twenty-five p i eces  of mylon- 
Off 1148 2487 131°T 6.92 km i t i z e d  p e r i d o t i t e  s i m i l a r  t o  
i s l e t  types ;  few p i e c e s  w i t h  
b r e c c i a  " c lo t s "  on s e r p e n t i n e  
s u r f a c e ;  12kg mud and foramin- I 
i f e r a l  ooze. CJ 
w 
I 
On 1345 3146 183"T 10.70 km Over 60kg of myloni t ized  p e r i -  
Off 1630 2542 179"T 7.72 km d o t i t e s  s i m i l a r  t o  i s l e t  types ;  
some greenish-gray c l a y  ( l k g ) ;  
2-3kg fo ramin i f e r a1  ooze. 
AII20-47 Rock Dredge With 3-25-66 On 0520 3328 036"T 16.90 km Approximately 1.5kg foramini f -  
Chain Bag and Off 0830 2487 042"T 14.48 km e r a l  ooze and mud. 
lOcm Pipe  
AII20-48 Rock Dredge With 3-25-66 On 1210 2268 076"T 11.99 km Few smal l  rock fragments ,  high- 
Chain Bag and Off 1330 1646 072"T 12.39 km l y  weathered; approximately 2kg 
lOcm Pipe  rock  g rave l ,  c l a y  and foramini f -  
eral  ooze; 2 gorgonians.  
* 
Times given a r e  those  when t h e  Dredge f i r s t  reached and f i n a l l y  l e f t  bottom. Depths a r e  t hose  under t h e  s h i p  a t  t hose  
t i m e s ,  g iven i n  meters  and c o r r e c t e d  f o r  t h e  v e l o c i t y  of sound i n  water .  
t ~ e a r i n g s  and d i s t a n c e s  a r e  s h i p  ranges  from Lighthouse Southwest Is le t ,  based on r a d a r  f i x e s .  Locat ion beyond t h a t  range  
a r e  given a s  l a t i t u d e  and l o n g i t u d e  and a r e  based on dead reckoning and c e l e s t i a l  nav iga t ion .  




Depth Bearing 'I- Distance t * 
Number Equipment Date Time (meters) Latitude Longitude Result 
12m Piston Core 
+ 1.5m Pilot 
Core 
15m Piston Core 
+ 1.5m Pilot 
Core 
12m Piston Core 
+ 1.5m Pilot 
Core 
12m Piston Core 
+ 1.5m Pilot 
Core 
15m Piston Core 
+ 1.5m Pilot 
Core 
3m "Dart" Core 
+ 1.5m Pilot 
Core 
12m Piston Core 






11.3m Core of interlayered calcareous 
3O0O2'W oozes; some graded sand beds. 
Im Pilot Core of Calcarious mud. 
7.6m Core of mottled gray and brown 
2g038'W mud. 
92cm Pilot core of brown mud. 
/ 
10.7m Core of interlayered clays and 
28O49'W oozes; some graded sand beds. 
23cm Pilot core of foram-rich mud. I W 
G, 
I 
10.lm Core of foram-rich mud; some 
33' 36 'W graded sand beds. 
78 cm Pilot core of foram-rich mud. 
10.7m Core of mottled gray and brown 
34"57'W mud; some foram sand layers. 
76cm Pilot core of brown foram-rich mud. 
13cm Detrital rock fragments and foram- 
3.14 km rich sediments. 
Foram sand and sponge in pilot core. 
10.4m Core of foram-rich muds and sands. 
2g019. 5 ' W  
59cm Pilot Core of foram-rich mud. 
2g018.5'W 84cm of foram-rich mud. 
13,36 km 62cm of foram-rich mud. 
L + 
Table 4 : (Continued) 
* 
Depth Bearing Distance i 
-k 
Number Equipment Date Time (meters) L a t i t u d e  Longitude Resul t  
AII20-19 1.5m Free-Fal l  3-24-66 2337 2573 3 3 8 " ~  9.50 km 31 cm of foram-rich mud. 
Core 
5 - Cores 3 t o  7 taken dur ing  Cruise  35, R/V Chain, 1963; Cores 1 3  t o  19  taken during Cru i se  20, R/V A t l a n t i s  11, 1966. 
* - Times a r e  when co re  penet ra ted  bottom; depths  are those  under t h e  s h i p  a t  t i m e  of p e n e t r a t i o n  given i n  meters  and 
co r rec t ed  f o r  t h e  v e l o c i t y  of sound i n  water. 
t - Bearings and d i s t a n c e s  a r e  s h i p  r ada r  ranging  o r  compass s i g h t i n g  on l igh thouse .  Southwest Islet; f o r  l o c a t i o n s  
o u t s i d e  t h i s  range,  p o s i t i o n s  a r e  given a s  l a t i t u d e  and long i tude  based on c e l e s t i a l  naviga t ion  and dead reckoning. 
T a b l e  5: RELATIVE PROPORTION (PERCENT) OF ROCK TYPES I N  REGION OF 
ST. PAUL'S ROCKS 
Con- Uncon- 
Dredge Meta- s o l i d a t e d  s o l i d a t e d  
Number B a s a l t  b a s a l t  P e r i d o t i t e  S e r p e n t i n i t e  Gabbro Ooze 00 z e  
Geof f rey  -- - Thompson - - -- -- 
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